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(57) Abstract: The present invention relates 
to a CMP abrasive comprising a ceria slurry 
and a chemical additive having two or more 
functional groups by mixing and synthesizing 
a polymeric molecule and a monomer . Also, 
the present invention relates to a method for 
a manufacturing CMP abrasive by providing a 
ceria slurry, manufacturing a chemical additive 
having two or more functional groups by mixing 
and synthesizing of the polymeric moleculeand 
the monomer in a reactor, and mixing said slurry 
and said chemical additive. Therefore, when the 
abrasive according to the present invention is used 
as an STI CMP abrasive, it is possible to apply 
the abrasive to the patterning process required 
in the very large scale integration semiconductor 
process. Furthermore, the CMP abrasive of the 
present invention has a superior removal rate, 
superior polishing selectivity, superior within 
wafer non-uniformity (WIWNU), and minimized 
occurrence of micro scratches. 



Mixing Surry and Chemical AddMve 



O 



Performing STI CMP Process 



WO 2004/101702 Al 



House, 219-2, SaGeun-Dong, SungDong-Gu, Seoul 
133-817 (KR). 

(74) Agent: NAM, Seung-Hee; 12F, Seo-Jeon Bldg., 1330-9,, 
Seocho-dong, Seocho-gu, Seoul 137-858 (KR). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, 
MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, PH, 
PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, S Y, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 



ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, 
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

(48) Date of publication of this corrected version: 

15 December 2005 

(15) Information about Correction: 

see PCT Gazette No. 50/2005 of 15 December 2005, Sec- 
tion n 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 2004/101702 



1 



PCT/KR2004/001139 



Description 

CERIA ABRASIVE FOR CMP 
Technical Field 

[1] The present invention relates to an abrasive used in a chemical mechanical 

polishing(CMP) process in the manufacturing process of a semiconductor device with 
a multi-layer metal wiring structure and a method for manufacturing the abrasive, in 
detail to an abrasive used in the CMP process of an STI (Shallow Trench Isolation) 
process, which is essentially employed in the manufacturing process of very large 
scale integration semiconductors of over 256 megabyte DRAMs (with a design rule of 
below 0.13 jam ) and a method for manufacturing said abrasive. 

Background Art 

[2] A local oxidation of silicon (LOCOS) process, which is a conventional insulating 

process of a semiconductor element device, reaches its limits when a design rule falls 
to below 0.25 /zm . As a siistitute for the LOCOS process, a novel STI process has 
been introduced. 

[3] Referring to Hg. 7, such an STI process will be briefly explained below. Such an 

STI process is, as shown in Hg. 7 (a), performed by depositing nitride film (Si N film) 

3 4 

13 on a surface of a silicon wafer 11, patterning the nitride film 13 (see Hg. 7 (b)), and 
forming trenches (which are denoted by reference numeral 15 in Hg. 7 (c)) in 
insulating areas between the portions where electronic elements are formed. Then, 
after the trenches 15 are filled with insulating material, i.e., oxide film (Si0 2 film) 17 
(see Hg. 7 (d)), a planarization process is performed by removing the oxide film using 
the CMP process (see Hg. 7 (e)) 

[4] At this time, in order to remove damage to the silicon wafer, the CMP process 

should be stopped when the nitride film for protecting the elements is exposed. 
Otherwise, the oxide film and the nitride film pattern are simultaneously polished 
during the global planarization process, causing a dishing phenomenon wherein oxide 
film is excessively removed due to loss of the nitride film pattern to occur as shown in 
the dotted line in Hg. 7 (e). Therefore, the abrasive used in the STI CMP process is 
required to have a high selectivity of oxide film to nitride film. 

[5] The STI CMP process is a technique for achieving the global planarization. In the 

STI CMP process, the surface of the wafer is chemically reacted with slurry chemistry 
while the surface of the wafer is in contact with an elastic polishing pad. At the same 
time, the oxide film on the surface of the wafer is removed mechanically by moving a 
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platen and a wafer holder. The combination of mechanical effects and chemical 
reactions results in material removal form the surface of the wafer. Then, the polishing 
process is stopped when the nitride film is exposed, so that insulation between 
elements and the global planarization of .the surface of the wafer areachieved. 

[6] Such an STI CMP abrasive requires high selectivity, polishing rate, dispersion 

stability, and micro-scratch stability. Particle size distribution should be narrow and 
uniform, and the number of large particles over a predetermined size, for example 1 pm 
, should be in a predetermined range. 

[7] A prior art method for manufacturing such an STI CMP abrasive is disclosed in 

US. Patent No. 6,221,1 18 published on April 24, 2001, entitled 'Cerium oxide 
abrasive and method of polishing sibstrates, 1 and assigned to Htachi Chemical 
Company, Ltd. In this publication, an abrasive manufacturing method using polymer 
and particles, which meet the requirements of properties of the STI CMP abrasive, is 
described difficultly and discussed at large. 

[8] Another prior art is disclosed in US. Patent No. 6,420,269 pifclished on July 16, 

2002, entitled 'Cerium oxide abrasive for polishing insulating films formed on 
substrate and methods for using the same,' and assigned to Htachi Chemical 
Company, Ltd. Hbwever, in this piblication, while only fundamental properties of se- 
lectivity and polishing rate are described, uses and amounts of added chemicals and 
particle size distribution, viscosity, nunfcer of large particles over 1 pm , and the like, 
which are required as properties of a semiconductor STI CMP abrasive of especially 
high selectivity, are not concretely described . 

[9] Therefore, in order to manufacture a CMP abrasive of high quality, it is required to 

concretely and synthetically research properties applied to various semiconductor 
patterns, particle size distribution, viscosity, and behavior of large particles over 1 pm . 
Disclosure of Invention 

Technical Problem 

[10] It is an object of the present invention to provide a CMP abrasive which, in order 

to solve problems caused in the prior arts, is necessary for the STI CMP process of 
manufacturing very large scale integration semiconductors with a design rule below 
0.25 pm using known conventional dispersion apparatuses and techniques, and a 
method for manufacturing the same. 

[11] It is also an object of the present invention to provide a CMP abrasive which has 

polishing properties with a high selectivity to be applied to various patterns by mixing 
a chemicall additive to a slurry and restrains micro scratches, which are fatal in the 
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semiconductor manufacturing processes after the CMP process, and a method for man- 
ufacturing the same. 

In addition, it is noted that the ceria slurry and the chemical additive are separately 
manufactured so that the CMP abrasive of the present invention controls a polishing 
rate of the oxide film and has high selectivity of oxide film to nitride film. 

Technical Solution 

In one aspect of the present invention, a CMP abrasive comprises a ceria slurry and 
a chemical additive having two or more functional groups by mixing and synthesizing 
a polymeric molecule and a monomer . 

The ceria slurry may comprise ceria powder, water and negativeion-based 
polymeric compound and conform to a Newtonian viscosity behavior. The negative- 
ion-based polymeric compound may be selected from the group consisting of poly- 
methacrylic acid, ammonium polymethacrylate, polycarboxylate, and carboxyle-acryl 
polymer. In the chemical additive, the polymeric molecule may be polyacrylic acid 
(PAA) or alkyl methacrylate, and the monomer may be selected from the group 
consisting of acrylamide, methacrylamide ethyl-methacrylamide, vinylpyridine, and 
vinylpyrrolidone. Mixing ratio of the slurry to the chemical additive may be 1:1. 

In another aspect of the present invention, a method for manufacturing a CMP 
abrasive comprises steps of providing a ceria slurry, manufacturing a chemical additive 
having two or more functional groups by mixing and synthesizing a polymeric 
molecule and a monomer in a reactor, and mixing said slurry and the chemical 
additive. 

The step of providing a ceria slurry may comprise steps of manufacturing ceria by 
solid-phase synthesis, mixing said ceria with water, milling said mixture with a high 
energy attrition mill, dispersing said milled resultant with a high pressure dispersion 
apparatus, and dispersion stabilizing said dispersed resultant by adding negative- 
ion-based polymeric compound. The negativeion-based polymeric compound of 
0.0001 ~ 10% by weight may be added. After the step of dispersion stabilizing, the 
method for manufacturing a CMP Arasive may further comprise a step of removing 
large particles with a filter. The molecular weight of the polymeric molecule may be 
2,000 ~ 1,000,000. The step of manufacturing a chemical additive may further 
comprise a step of adding further 

solvent to the synthesized chemical additive. The step of adding further solvent 
may cause the synthesized chemical additive to be 0.03 ~ 10% by weight. 

Description of Drawings 
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Hg. 1 is a schematic view showing a manufacturing process of a ceria CMP 
abrasive of the present invention. 

Hg. 2 is a view showing an experimental result for viscosity behavior of the CMP 
slurry according to an entodiment of the present invention. 

Hg. 3 is a view showing an experimental result for remaining particles in oxide 
film among abrasion properties of a conventional abrasive. 

Hg. 4 is a view showing an experimental result for remaining particles in oxide 
film among abrasion properties of the CMP abrasive according to an errbodiment of 
the present invention. 

Hg. 5 is a view showing an experimental result for remaining particles in nitride 
film among abrasion properties of the conventional abrasive. 

Hg. 6 is a view showing an experimental result for remaining particles in nitride 
film among abrasion properties of the CMP abrasive according to the entodiment of 
the present invention. 

Hg. 7 is a flow chart explaining an STI process. 

Best Mode 

Referring to Hg. 1, methods for manufacturing a ceria slurry and a chemical 
additive will be explained below. 
Manufacture of Ceria Slurry 

The ceria slurry is manufactured by steps of manufacturing ceria by solid-phase 
synthesis, mixing the ceria with water, milling the mixture with a high energy attrition 
mill, dispersing the milled resultant with a high pressure dispersion apparatus, and 
stabilizing the dispersed resultant by adding a negative-ion-based polymeric 
compound. 

Each of the steps will be explained in detail below. 

Ceria particles to be used in the present invention are synthesized by solid-phase 
synthesis, and then the synthesized ceria particles are mixed with ultra pure water in a 
high shear mixer. Next, in order to control the size of the mixed abrasive particles, the 
mixed abrasive particles are milled in a high energy attrition mill. With a concentration 
of abrasive particles maintained at 10 - 50% by weight, a mixing ratio of 20 ~ 40% by 
weight is preferable. 

A slurry with particle size distribution of 100 ~ 250 nm is achieved by controlling 
the revolution speed of the high energy attrition mill to 900 ~ 1600 rpm during the 
milling process. The milled slurry, which is transferred with a pump to an appropriate 
dispersion apparatus such as a media mill and a high pressure dispersion apparatus, is 
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dispersed. Although it is possible to use any dispersion apparatus, taking repro- 
ducibility of dispersion, minimization of potential contamination in the dispersion 
process, average particle size and dispersion thereof after dispersing, and the like into 
consideration, it is preferable to use a high pressure dispersion apparatus. 

Although the high pressure dispersion apparatus commercially availi>le under the 
Microfluidizer from Microfluiducs Corp., the Nanomier from Nanomizer, or the like 
was used in the present invention, other dispersion apparatuses may be used. In the 
meantime, taking durability into consideration, it is preferable to use large diamond 
particles as large particles for dispersion with high hardness, which are the core of the 
high pressure dispersion apparatus. 

The proper pressure for high pressure dispersion is preferably in the range of 
10,000 ~ 20,000 psi. While pressure below 10,000 psi causes insufficient dispersion 
efficiency, pressure of over 20,000 psi affects adversely efficiency of the apparatus and 
durability of the large particles. Thus, it is preferable to perform the dispersion process 
at the above range of pressures. 

Since the process for controlling average particle size of the slurry is finished, by 
adding negative-ion-based polymeric compound, the interface potential of the ceria 
particles becomes negative in the range of neutral pH and simultaneously the ceria 
particles are stabilized. 

An example of the negative-ion-based polymeric compound used here is preferably 
selected from the group consisting of polyrnethacrylic acid, ammonium poly- 
methacrylate, polycarboxylate and carboxyle-acryl polymer. 

Solubility of the polymeric compound with respect to water is considered as one of 
the fundamental properties. The added amount of the negativeion-based polymeric 
compound is preferably in the range of 0.0001 ~ 10.0%, more preferably 0.001 ~ 
3.0%, most preferably 0.02 - 2.0% by weight of the amount of abrasive particles. 
Positive ionic matter may cause re-cohesion between the particles in the dispersed 
slurry even in the case of a molecular weight of over 10,000, with the result that 
generation of large particles may be promoted. 

It is preferable that the stabilized ceria slurry conforms to a Newtonian viscosity 
behavior, the rheological properties of which is explained in detain in Rg. 2. That is to 
say, as shown in Rg. 2, while the viscosity of the slurry before the dispersion sta- 
bilization varies inversely with the shear rate, the viscosity of the slurry after 
dispersion stabilization does not vary according to shear rate, that is, it conforms to 
Newtonian behavior. After the dispersion stabiliang process of the slurry, the particle 
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size distribution of the abrasive particles in the slurry may be controlled by removing 
large particles with a filter. 

As a final step, since it is preferable that the slurry manufactured as above is mixed 
with a chemical additive, which will be described below, immediately before the CMP 
process, the concentration of the slurry is controlled by adding ultra pure water. 

According to the present invention, if a polymeric compound or negative ionic 
matter of molecular weight of below 10,000 is added to the slurry, the polymer or the 
like is adsorbed into the surfaces of the ceria particles i.e., the abrasive. Thus, the 
interface potential of the ceria particles becomes negative in the range of neutral pH, 
and simultaneously surface potential is also increased, so that the dispersion sta- 
bilization of the abrasive can be maintained. Therefore, the £>rasive, which is required 
in the STI CMP process, can be given polishing properties, such as average particle 
size, dispersion stability, viscosity, the nunfcer of large particles, and the like, 
polishing rate within wafer non-uniformity (WIWNU), micro scratches, and the like. 

Manufacture of Chemical Additive 

As shown in Hg. 1 again, the chemical additive is manufactured by steps of 
providing raw materials of a polymeric molecule and a monomer, mixing and reacting 
the raw materials with solvent, and controlling mixing concentration by adding further 
solvent to the mixture obtained in the previous step. 

In the chemical additive, which has two or more functional groups by mixing the 
polymeric molecule and the monomer used in the present invention, a polymer 
consisting of two functional groups is referred to as a copolymer, the polymer man- 
ufactured in the present invention is referred to as a multi-functional polymer or a graft 
copolymer. 

Polyacrylic acid (PAA) or alkyl methacrylate is used herein as an example of the 
polymeric molecule, and acrylamide, methacrylamide, ethyl-methacrylamide, 
vinylpyridine, or vinylpyrrolidone is used herein as an example of the monomer. The 
chemical additive is manufactured by mixing and synthesizing them in a reactor. The 
molecular weight of polyacrylic acid (PAA) or alkyl methacrylate is preferably 2,000 ~ 
1,000,000, more preferably 5,000 ~ 500,000, most preferably 10,000 ~ 100,000. 

The chemical additive synthesized in the reactor may be applied to various 
processes including patterning required in the semiconductor processes according to 
the respective functional groups of the synthesized polymer. The added amount of the 
synthesized chemical additive is preferably in the range of 0.03 ~ 10%, more 
preferably 0.05 ~ 5%, most preferably 0.1-3% by weight of the amount of solvent 
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added. 

The CMP abrasive, which is obtained by mixing the chemical additive man- 
ufactured by synthesizing the various polymer molecules with the ceria slurry in a 
mixing ratio of 1:1, may be applied to various patterning processes required in the 
semiconductor process. 

Ibr example, the chemical additive, which is employed in planarization of a low 
density STI pattern, is obtained by synthesizing polyacrylic acid (PAA) or alkyl 
methacrylate of the polymeric molecule and acrylamide, methacrylamide, or ethyl- 
methacrylamide of the monomer. If the ceria slurry is mixed with the chemical 
additive to be used as an abrasive, polishing rate of oxide film is increased, and the se- 
lectivity of oxide film to nitride film is also increased, increasing the processing speed, 
i.e., polishing rate. 

Furthermore, the chemical additive, which is employed in planarization of the high 
density STI pattern, is obtained by synthesizing polyacrylic acid (PAA) or alkyl 
methacrylate as the polymeric molecule and vinylpyridine, or vinylpyrrolidone as the 
monomer. Use of the chemical additive causes a passivation layer to be formed on a 
portion on the surface of a wafer where elements will be formed. The passivation layer 
can suppress the dishing phenomenon wherein oxide film is excessively removed due 
to loss of the nitride layer pattern. The passivation layer is formed for minimizing 
damage of the elements, which are easily caused by the narrow space between 
patterns. 

If the chemical additive is mixed with the ceria slurry immediately before the CMP 
process of the semiconductor devices, the best result can be achieved as the CMP 
abrasive of the present invention. 

Each of the components contained in the chemical additive is represented in detail 
in the following entodiments. Performance of the CMP abrasive according to each 
entodiment of the present invention is also represented. 

Eflfrpdiment 1 

Synthesized high purity ceria powder of 50kg is mixed with ultra pure water of 
150kg in a high shear mixer. Then, the mixture is milled with a high energy attrition 
mill in order to control particle sizes thereof, and is dispersed with a high pressure 
dispersion apparatus. Next, ammonium poly methacrylate (available under the trade 
name DarvanC from R. T. Vanderbilt Company Inc.), as negative-ion-based polymeric 
compound, is added, wherein the added amount is 1% by weight of the ceria powder. 
Then, after the ceria slurry of 10% by weight is obtained by adding additional ultra 
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pure water of 480kg to the mixture and stirring it, in manufacturing a final slurry 
sample, the 10kg ceria slurry of 2% by weight is obtained by mixing the 2kg ceria 
slurry of 10% by weight and 8kg ultra pure water. That is to say, theconcentration of 
the abrasive particles is controlled to 2% by weight. 

[51] Separately from the forgoing, after mixing poly acrylic acid (PAA) of 0.3kg and 

acrylamide of 0.05kg with a small quantity of ultra pure water as solvent, and then 
reacting them, the chemical additive (in liquid phase) of about 10kg is manufactured 
by adding the chemicals to an additional 9.5kg of ultra pure water. 

[52] Sibsequently, the ceria slurry manufactured previously is mixed with the chemical 

additive in a mixing ratio of 1:1. Properties of matter and polishing performance of the 
abrasive manufactured from the ceria slurry and the chemical additive by the above 
method and composition are represented in T±>les 2 and 3 and Hgs. 3 to 6 along with 
comparative examples in detail. 

[53] Entedimsnts 2 tQ 1Q 

[54] While Enix)diments 2 to 10 use the slurry manufactured by the same method as 

Entodiment 1, the chemical compounds as described in Table 1 as the chemical 
additive are mixed with the slurry. The mixing ratio of the slurry to the chemical 
additive is also 1:1 as in Entodiment 1. 

[55] Table 1 Kinds of chemical compounds in chemical additive of each entodiment 

[56] 





Polymeric Molecule 


Monomer 


Entodiment 1 


Polyacrylic Acid (PAA) 


Acrylamide 


Entodiment 2 


Methacrylamide 




Entodiment 3 


Ethyl-Methacrylamide 




Entodiment 4 


Vinylpyridine 




Entodiment 5 


Vinylpyrrolidone 




Entodiment 6 


Alkyl Methacrylate 


Acrylamide | 


Entodiment 7 


Methacrylamide 




Entodiment 8 


Ethyl-Methacrylamide 




Entodiment 9 


Vinylpyridine 




Entodiment 10 


Vinylpyrrolidone 





[57] 



Comparative Example 11 
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[58] Comparative Example 1 is prepared by manufacturing the slurry by the same 

method as Embodiment 1 without adding a chemical additive. 

[59] In order to comparing the entodiments of the present invention with a com- 

mercially available abrasive, the test results of HS 8005 from Htachi Chemical 
Company, Ltd., as another comparative example, are represented along with the test 
results of the entodiments of the present invention and Comparative Example 1. 

[60] Comparative Test for Properties of Abrasives 

[61] Various kinds of tests for properties of the CMP abrasives according to Em- 

bodiments 1 to 10 and Comparative Example 1 and HS8005 were performed by using 
measuring instruments as follows: 

[62] 1) Average Particle Size: N4 Plus from Coulter-Beckman Inc. 

[63] 2) Dispersion Stability: N4 Plus from Coulter-Beckman Inc. 

[64] 3) Viscosity: Viscometer DVII+ from Brookfield 

[65] 4) Zeta Potential: Acousto-Sizer II from Colloidaldynamic 

[66] 5) The Nunber of Particles: AccuSizer 780APS from PSS Inc. 

[67] The comparative test results for properties of the CMP abrasives according to Em- 

bodiments 1 to 10 and Comparative Example 1 and H38005 are represented in Table 2 
below. 

[68] Table 2 Test Results for Properties of CMP Abrasives 





Average 
Particle Size 
(nm) 


Dispersion 

Stability 

(nm) 


Viscosity 

(CP) 


Zeta 

Potential 

(mV) 


Nurrber % 
> 1.09 pan 


Entodiment 
1 


180 


53 


1.5 


-66 


0.04% 


Entodiment 
2 


183 


54 


1.4 


-66 


0.04% 


Entodiment 
3 


182 


53 


1.5 


-65 


0.03% 


Entodiment 
4 


185 


53 


1.5 


-65 


0.04% 


Entodiment 
5 


186 


54 


1.4 


-65 


0.03% 
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Entodiment 
6 


182 


52 


1.5 


-65 


0.03% 


Entodiment 
7 


181 


53 


1.4 


-65 


0.04% 


Entodiment 
8 


183 


54 


1.5 


-67 


0.03% 


Entodiment 
9 


187 


57 


1.4 


-63 


0.04% 


Entodiment 
10 


186 


54 


1.6 


-65 


0.04% 


Comparative 
Example 1 . 


181 


54 


1.3 


-117 


0.03% 


HS8005 


260 


48 


1.5 


-52 


0.12% 



[70] Upon reviewing Table 2, while Eirtodiments 1 to 10 and Comparative Example 1 

show good results in average particle size and dispersion stability, and the absolute 
values of the zeta potential of the enbodiments are smaller than that of Comparative 
Example 1. That is the reason why adding the chemical additive causes the absolute 
values of the zeta potential to be decreased. Fbwever, since prdblem of abrasive 
stability may occur with the passage of the time, the slurry and the chemical additive 
are preferably mixed immediately before the CMP process as described above. Nev- 
ertheless, unless a chemical additive is added to the slurry, polishing of nitride film 
cannot be prevented, leading to residual particles and scratches. 

[71] Furthermore, as compared with H38005 from Htachi, Entodiments 1 to 10 of the 

present invention have a smaller average particle size, better dispersion stability, larger 
absolute value of zeta potential, and fewer large particles over 1 im , with the result 
that the present entodiments are superior to H8005. 

[72] Tests of Polishing Performance 

[73] Tests of the polishing performances of the CMP abrasives according to Em- 

bodiments 1 to 10 and Comparative Example 1 and H8005 were performed. 6EC 
from Strasbaugh was used as a CMP apparatus. For the tests, wafers with the oxide 
film were prepared by coating the entire surface of 8 inch wafers with PETEOS, and 
wafers with a nitride film were prepared by coating the entire surface of 8 inch wafers 
with Si N . 

3 4 
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Conditions of the tests for the polishing performance are as follows: 

1) Pad: IC1000/SUBAIV from Rodel Inc. 

2) Him Thickness Gauge: Nano-Spec 180 from Nano-rnetrics Inc. 

3) Table Speed: 70rpm 

4) Spindle Speed: 70 rpm 

5) Downward Ibrce: 4 psi 

6) Back Pressure: 0 psi 

7) Abrasive Supply Rate: 100 ml/min. 

With the above conditions, after the wafers are polished for 1 minute with the 
respective abrasives, the polishing rates are obtained from the thickness removed by 
polishing. The polishing performance for each abrasive, which is represented in Table 
3 below, is obtained by averaging three or more test results for each abrasive. 

Furthermore, the nunfcer of micro scratches occurring on the surface of the wafer 
is measured by using Surfscan 6200 from KLA-Tencor Co. The test results of 
polishing performance of the CMP abrasives according to Entodiments 1 to 10 and 
Comparative Example 1 and IB8005 are represented in Table 3. 

Table 3 Test results of Polishing Performance for Each Abrasive 
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[86] Upon reviewing the test results described in Table 3, the abrasives of Entodiments 

1 to 10 have the higher polishing rate of the oxide film and about ten higher selectivity 
than HS8005 from Htachi. Especially, the abrasives of the present embodiments show 
good results in the properties regarding r esidual particles and scratches. Pbwever, 
since the abrasives of Embodiments 4, 5, 9 and 10, wherein the vinyl-based monomer 
is mixed in the chemical additive, are suitable for high density patterns, these abrasives 
have a slightly lower polishing rate of the oxide film as compared with the other em- 
bodiments. Nevertheless, since the polishing rates of the nitride film of the abrasives of 
Entodiments 4, 5, 9 and 10 are also lower, loss of elements can be minimized. Since 
the abrasive of Comparative Example 1 does not contain a chemical additive, its 
polishing rate of the nitride film is higher and thus its selectivity is lower. The abrasive 
of Comparative Example 1 also has poor properties regarding r esidual particles and 
scratches. 

[87] In the meantime, Hgs. 3 to 6 show the test results of the properties regarding r 

esidual particles and scratches of the conventional abrasive (HS8005 from Htachi) and 
the abrasive of the entodiment according to the present invention 

[88] Hgs. 3 and 4 show the test results of the properties regarding r esidual particles 
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from oxide film and scratches of the conventional abrasive (HS80O5 from Htachi) and 
the abrasive according to Entodiment 1 of the present invention, respectively. 

Hgs. 5 and 6 show the test results of the properties regarding r esidual particles 
from nitride film and scratches of the conventional abrasive (K8005 from Htachi) 
and the abrasive according to the entodiment of the present invention, respectively. 

R esidual particles are counted after scanning the surface of the wafer with a laser, 
while scratches are found and counted with the naked eye. As shown in Hgs. 3 to 6, as 
compared with the wafers polished with HS8005, fewer r esidual particles from the 
nitride and oxide films and fewer scratches are found in the wafers polished with the 
abrasive according to the entodiment of the present invention . It is noted that i n the 
distributions of r esidual particles according to the size thereof, the abrasive of the 
present invention has fewer defects than H8005 from Htachi. 

Entodiment 11 

In order to confirm the results of the CMP process according to the concentration 
of chemical additives in the CMP abrasive of the present invention, the respective 
chemical additives for a low density pattern and a high density pattern are man- 
ufactured with the added amounts of the chemical compounds of the polymeric 
molecule and monomer varying at 3 %, 5 % and 10 % by solvent weight. The test 
results of the polishing properties of the abrasives according to the respective chemical 
additives are represented in Table 4. 

Table 4 Test results of CMP process according to concentration of chemical 
additives 
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[95] It is understood from Table 4 that as the concentration of chemical additives is 

decreased, the removal rate of the oxide in the polishing process is increased. Since in 
a practical polishing process, the removal rate for oxide is preferably 2,000 or more, 
and more preferably 2,500 or more taking yield into consideration, the concentration of 
chemical additives is preferably 5% by weight or less. In addition, the 3% by weight 
concentration of the chemical additives has the high removal rate of the oxide and the 
appropriate removal rate of the nitride, with the result that the preferable polishing 
process can be performed. 

Industrial Applicability 

[96] As described above, according to the present invention, it is possible to 

manufacture an sbrasive, which has superior properties of matter essentially required 
as an STI CMP sbrasive. Therefore, when the abrasive according to the present 
invention is used as an STI CMP abrasive, it is possible to apply the abrasive to the 
patterning process required in the very large scale integration semiconductor process. 

[97] Furthermore, the CMP abrasive of the present invention has a superior removal 

rate, superior polishing selectivity, superior within wafer non-uniformity (WIWNU), 
and minimized occurrence of micro scratches. 
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Claims 

[ 1 ] LA CMP abrasive comprising: 

a ceria slurry; and 

a chemical additive having two or more functional groups by mixing and syn- 
thesizing a polymeric molecule 
and a monomer . 

[2] 2. A CMP abrasive as defined in claim 1, wherein said ceria slurry comprises 

ceria powder, water and negative-ion-based polymeric compound and conforms 
to a Newtonian viscosity behavior. 

[3] 3. A CMP abrasive as defined in claim 2, wherein said negative-ion-based 

polymeric compound is selected from the group consisting of polymethacrylic 
acid, ammonium polymethacrylate, polycarboxylate and carboxyle-acryl 
polymer. 

[4] 4. A CMP abrasive as defined in claim 1 or 2, wherein in said chemical additive, 

said polymeric molecule is polyacrylic acid (PAA), and said monomer is 
selected from the group consisting of acrylamide, methacrylamide and ethyl- 
methacrylainide. 

[5] 5. A CMP abrasive as defined in claim 4, wherein mixing ratio of said slurry to 

said chemical additive is 1:1. 
[6] 6. A CMP abrasive as defined in claim 1 or 2, wherein in said chemical additive, 

said polymeric molecule is polyacrylic acid (PAA), and said monomer is 

vinylpyridine or vinylpyrrolidone. 
[7] 7. A CMP abrasive as defined in claim 6, wherein mixing ratio of said slurry to 

said chemical additive is 1:1. 
[8] 8. A CMP abrasive as defined in claim 1 or 2, wherein in said chemical additive, 

said polymeric molecule is alkyl methacrylate, and said monomer is selected 

from the group consisting of acrylamide, methacrylamide and ethyl- 

methacrylamide. 

[9] 9. A CMP abrasive as defined in claim 8, wherein mixing ratio of said slurry to 

said chemical additive is 1:1. 
[ 10] 10. A CMP abrasive as defined in claim 1 or 2, wherein in said chemical 

additive, said polymeric molecule is alkyl methacrylate, and said monomer is 

vinylpyridine or vinylpyrrolidone. 
[11] 1 1. A CMP abrasive as defined in claim 10, wherein mixing ratio of said slurry 
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to said chemical additive is 1:1. 
[12] 12. A method for manufacturing CMP *rasive comprising steps of: 

providing a ceria slurry; 

manufacturing a chemical additive having two or more functional groups by 
mixing and synthesizing a polymeric molecule and a monomer in a reactor; and 
mixing said slurry and said chemical additive. 
[13] 13. A method for manufacturing CMP £>rasive as defined in claim 12, wherein 

said step of providing a ceria slurry comprising steps of: 
manufacturing ceria by solid-phase synthesis; 
mixing said ceria with water; 
milling said mixture with a high energy attrition mill; 

dispersing said milled resultant with a high pressure dispersion apparatus; and 
dispersion st*ilizing said dispersed resultant by adding negative-ion-based 
polymeric compound. 

[14] 14. A method for manufacturing CMP abrasive as defined in claim 13, wherein 

said negative-ion-based polymeric compound is selected from the group 
consisting of polymethacrylic acid, ammonium polymethacrylate, poly- 
carboxylate, and carboxyle-acryl polymer. 

[15] 15. A method for manufacturing CMP *rasive as defined in claim 13 or 14, 

wherein said negative-ion-based polymeric compound of 0.0001 ~ 10% by 
weight is added. 

[16] 16. A method for manufacturing CMP abrasive as defined in claim 13, after said 

step of dispersion stabilizing, further comprising a step of removing large 
particles with a filter. 

[17] 17. A method for manufacturing CMP abrasive as defined in claim 12 or 13, 

wherein the molecular weight of the polymeric molecule is 2,000 ~ 1,000,000. 

[18] 18. A method for manufacturing CMP abrasive as defined in claim 12 or 13, 

wherein said step of manufacturing the chemical additive further comprises a 
step of adding further solvent to the synthesized chemical additive. 

[19] 19. A method for manufacturing CMP abrasive as defined in claim 18, wherein 

said step of adding further solvent causes the synthesized chemical additive to be 
0.03 ~ 10% by weight. 

[20] 20. A method for manufacturing CMP abrasive as defined in claim 12 or 13, 

wherein in said chemicad additive, said polymeric molecule is polyacrylic acid 
(PAA) or alkyl methacrylate, and said monomer is selected from the group 
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consisting of acrylamide, methacrylamide, ethyl- 

methacrylamide, vinylpyridine, and vinylpyrrolidone. 
[21] 21. A method for manufacturing CMP abrasive as defined in claim 20, wherein 

the mixing ratio of said slurry to said chemical additive is 1:1. 
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